Following plasmapheresis, the depressed serum albumin concentration rapidly returns to normal (1) indicating alterations in albumin synthesis or degradation. Both dextran administration (2-6) and elevation of serum globulin levels produced by means of hyperimmunization (7, 8) are associated with hypoalbuminemia; a colloid osmotic regulatory mechanism has been suggested as responsible for the reciprocal changes in serum proteins observed after hyperimmunization (7, 9). If such a mechanism does exert control over the concentration of serum albumin, alterations of albumin metabolism either in the rate of synthesis or in the rate of degradation might be expected when osmotically active molecules other than albumin are added to the circulation. The present study represents an attempt to define, more specifically than heretofore reported, the changes in albumin metabolism resulting from such a procedure. Dextran was administered to rabbits to depress albumin concentration. After the development of hypoalbuminemia, the rates of albumin synthesis and degradation were studied and compared with control values. Cortisone acetate was then given to increase the rate of albumin degradation (10), and the rates of albumin synthesis were remeasured.
(Submitted for publication September 7, 1960 ; accepted November 21, 1960) Following plasmapheresis, the depressed serum albumin concentration rapidly returns to normal (1) indicating alterations in albumin synthesis or degradation. Both dextran administration (2) (3) (4) (5) (6) and elevation of serum globulin levels produced by means of hyperimmunization (7, 8) are associated with hypoalbuminemia; a colloid osmotic regulatory mechanism has been suggested as responsible for the reciprocal changes in serum proteins observed after hyperimmunization (7, 9) . If such a mechanism does exert control over the concentration of serum albumin, alterations of albumin metabolism either in the rate of synthesis or in the rate of degradation might be expected when osmotically active molecules other than albumin are added to the circulation. The present study represents an attempt to define, more specifically than heretofore reported, the changes in albumin metabolism resulting from such a procedure. Dextran was administered to rabbits to depress albumin concentration. After the development of hypoalbuminemia, the rates of albumin synthesis and degradation were studied and compared with control values. Cortisone acetate was then given to increase the rate of albumin degradation (10) , and the rates of albumin synthesis were remeasured.
METHODS
Female rabbits were used in all studies. Animals were kept in metabolism cages and fed a standard rabbit diet.
Lugol's solution was added to the drinking water daily.
The distribution and metabolism of albumin were purification. The I13'-labeling procedure has been described previously (11) . All lots of albumin-I131 were tested in normal control animals to insure against the use of a lot that contained any significant amounts of denatured labeled protein (10) .
Dextran solutions were prepared by dissolving 120 g in 1,500 ml of normal saline and filtered through a bacterial filter. Plasma dextran concentrations were determined by the method of Roe (12) OF DEXTRAN AND DEXTRAN AND the product of the clearance of plasma-I"3 and the plasma albumin concentration. This technique has been described in detail in previous reports (10, 13, 14) . It has been demonstrated that the clearance method can be applied in nonsteady state conditions (10, 13, 15) . The total amount of albumin degraded over each period was obtained from the sum of the daily values of the amount of albumin degraded, as determined by the clearance method. During the control periods, the plasma albumin concentrations remained constant, and it may be assumed that steady state conditions, with respect to albumin metabolism, were satisfied, and that the quantity of albumin synthesized was equal to the quantity degraded. In previous studies the amount of albumin synthesized during an experimental period was calculated from the difference between the total amount degraded and the change in the total exchangeable albumin pool during the period. In this study the rabbits were "equilibrated" with the test substances before reinjection, and the experimental data for albumin degradation were derived from subsequent injections of albumin-I1". Since the plasma albumin values changed only slightly following the reinjections, albumin synthesis was assumed to closely parallel albumin degradation. These observations do not permit an exact evaluation of degradation or synthesis during the period of equilibration prior to reinjection of albumin-I13". However ance as well as the direction of change in albumin degradation and synthesis during the equilibration period. Previous reports have dealt adequately with the use of albumin-I131 as a tracer for endogenous albumin metabolism in both steady and nonsteady states (10, 11, 13, (15) (16) (17) (18) (19) .
The significance of the differences between the mean values was determined according to the t test (20) .
RESULTS
Data pertaining to albumin distribution are summarized in Table I Significant changes in the intravascular-extravascular partition of albumin occurred. In control animals, 38.2 + 0.5 per cent of the total albumin pool was located within the plasma space. 
THE EFFECT OF DEXTRAN AND CORTISONE ON ALBUMIN METABOLISM
only in a decrease in the amount of albumin degraded but also in a mean decrease of total exchangeable albumin of 530 mg per kg. Thus, while degradation decreased, a diminution in synthesis must have taken place to an even greater extent to result in this loss of total exchangeable albumin. Upon the administration of cortisone, changes in the opposite direction occurrednamely, an increase in degradation and an increase in the exchangeable albumin pool by a mean of 1,100 mg per kg. Thus, during the 9 to 17 days of combined dextran-cortisone treatment, albumin synthesis exceeded degradation to a considerable degree. The clearance of plasma-I131, resulting from albumin degradation, averaged 30.1 ± 4.9 ml per day during the control period. An increase to 35.5 ± 6.8 ml per day occurred following dextran administration, and a further more marked increase to 62.5 + 3.0 ml per day was obtained following the administration of cortisone with dextran.
Concentrations of circulating dextran ranged between 1.2 and 2.1 g per cent during dextran administration and were not significantly altered in the presence of the expanded plasma volume following cortisone therapy. Table III indicates the results in two animals given saline infusions and in two animals restudied 6 and 8 weeks, respectively, after discontinuing dextran. Neither group showed any marked changes from the control periods.
Most of the animals in the initial study were followed long enough before reinjection so that an accurate estimate of total excretion of radioactivity could be obtained. Between 93 and 106 per cent of the injected dose was accounted for in urine, stool, withdrawn blood, and that still present in the original total albumin space of distribution. No evidence for a very slowly exchanging albumin compartment, as has been suggested by others (19) , was obtained from these studies.
DISCUSSION
While plasma volume expansion clearly follows the infusion of dextran (2-4), little is known reached values 10.9 to 21.5 per cent greater than those observed with dextran alone. These results are similar to those previously reported after a single dose of albumin-IJ" (10) . 4 Proteinuria was not observed and the urinary IP" activity was not precipitable with trichloroacetic acid.
concerning the effects of dextran infusions upon the distribution and metabolism of plasma proteins. The plasma protein pool has been reported to decrease (2, 3, 22) , to remain essentially unchanged (23), or to increase (24) , and while there is disagreement as to whether albumin or globulin is more affected by dextran infusion, the plasma concentrations of both have been noted to decrease (2-6, 21-25) .
In the present studies, dextran produced the expected plasma volume expansion and also an expansion of the apparent volume for albumin distribution. Plasma albumin concentration fell, and there was a shift of plasma albumin to extravascular sites. Albumin degradation decreased and albumin synthesis decreased even further, leading to a decrease in total exchangeable albumin. The diminished quantity of albumin degraded in the presence of dextran may be related to the lowered plasma albumin concentration, pool size, or both. Precisely the opposite result has been observed with an elevated plasma albumin level and total exchangeable albumin pool (26) .
That albumin synthesis was not stimulated, but actually decreased in the presence of low albumin concentration and pool size, indicates that the mechanism responsible for albumin synthesis is not sensitive to low albumin levels per se and suggests that the mechanism might be sensitive to oncotic pressure. The frequently observed fall in albumin concentration accompanying elevations in globulin concentration is in agreement with this concept (27) . In the present studies, the decrease in plasma oncotic pressure resulting from the decrease in albumin concentration was not compensated for by the increase in oncotic pressure calculated from the measured concentration of circulating dextran. This conclusion is deduced as follows. It has been reported that the osmotic pressure of serum albumin at pH 7.4 and at concentrations less than 5 g per 100 ml obeys van't Hoff's law after correction for the GibbsDonnan effect (28. 29) . Thus, the observed decrease in plasma albumin concentration of 1.43 g per cent following dextran infusions results in a calculated decrease in the plasma colloid osmotic pressure of 7.6 mm Hg. Using the maximal value observed (2 g per 100 ml) for plasma dextran concentration and assuming that the average 551 molecular weight of the circulating dextran was 188,000, the colloid osmotic pressure contributed by dextran alone would be only 2.1 mm Hg. However, the site of albumin production is most likely in direct contact with extracellular fluid rather than with plasma, and the results of these studies indicate that the total extravascular albumin suffered a lesser reduction than total plasma albumin during dextran treatment (Table IV) . Unless the interstitial space increased even more than did the plasma volume, these results would indicate that the interstitial concentration of albumin suffered a lesser reduction than did the plasma albumin concentration. Thus it is possible that in certain critical areas adjacent to or within sites of albumin synthesis, the sum of interstitial dextran and albumin could have resulted in a colloid osmotic pressure high enough to inhibit albumin synthesist
Upon the addition of cortisone, albumin distribution and metabolism were again altered. Plasma volume was nearly doubled and plasma albumin concentrations rose (in four of six rabbits) indicating a return of albumin from extravascular locations to the plasma. The absence of any change in plasma dextran concentration, in spite of a marked increase in plasma volume during combined dextran-cortisone therapy, suggests that cortisone probably mobilized extravascular dextran as well. Cortisone administration has previously been shown to result in increased albumin catabolism (10) and this effect was observed again; however, albumin synthesis increased to a greater extent, resulting in a total exchangeable albumin pool even larger than that 'observed during the control study.
In the presence of dextran and a low albumin concentration, cortisone administration not only resulted in a more marked increase in albumin synthesis than when it was given without prior dextran therapy, but also caused a greater shift of extravascular albumin to the plasma than had been observed previously in the absence of dex- 5 It is recognized that if a disproportionately large number of smaller dextran molecules were present, then the calculated colloid osmotic pressure due to dextran would be higher than the computed value given above. However, such a change in the colloid osmotic pressure would seem to be applicable to both plasma and interstitial fluid and would not tend to refute the above hypothesis. tran (10) . In addition, cortisone therapy has been reported to cause an increase in extracellular volume (30, 31) even in the absence of weight gain (30) . Thus it may be suggested that, following cortisone administration, there might have been a reversal of the elevated extravascular colloid concentration postulated under dextran administration, with a resultant augmented stimulus for albumin production. However, until it becomes possible to measure extracellular colloid concentration, these considerations must remain purely speculative. Other factors must also be considered in attempting to interpret the observed changes in albumin metabolism. The depression of albumin synthesis by dextran might have been due to a specific toxic action unrelated to osmotic activity. However, the rapid return to normal following discontinuation of dextran indicates that such action, if it exists, is readily reversible. While no specific mechanism has been identified as responsible for the observed changes in albumin synthesis, it is clear that, in the presence of dextran, a low albumin concentration is not an adequate stimulus for normal albumin synthesis. Addition of cortisone results in a marked stimulation of albumin synthesis. SUMMARY 1. The effects of daily dextran infusions on the distribution and metabolism of albumin-I'13 were studied in 12 female rabbits. Cortisone acetate was administered to 6 of the rabbits after prolonged dextran infusions and to 2 rabbits from the onset of dextran administration. Two rabbits were re-examined 6 and 8 weeks after dextran infusions were discontinued, and the effects of saline infusions were studied in 2 additional rabbits. 552 2. Under the influence of dextran, total exchangeable albumin was diminished, while plasma volume and total apparent space for albumin increased. The rate of albumin degradation decreased by 22.3 per cent and the rate of albumin synthesis by at least this much in the presence of a lowered plasma albumin concentration.
3. Upon the addition of cortisone, the plasma volume and total apparent space for albumin distribution increased markedly, with a shift of albumin stores from extravascular to intravascular sites. Albumin degradation increased 49 per cent over control values and 91.8 per cent above the value obtained during dextran infusions alone. The increment in albumin synthesis was probably more marked, since the total exchangeable albumin pool increased in the face of the increase in albumin degradation. Albumin synthesis seems unrelated to albumin levels per se. 4 . Albumin synthesis may be regulated by the level of oncotic pressure in certain critical locations adjacent to or within sites of albumin synthesis.
